A physicochemical characterization of oil from chia seeds was carried out. Proximate composition analysis showed that fat and fiber were the principal components in the raw chia flour. Physical characterization showed that chia oil has a relative density from 0.9241, a refraction index of 1.4761 and a color with more yellow than red units. Chemical characterization showed that chia oil registered an acidity index of 2.053 mg KOH/g oil, a saponification index of 222.66 mg KOH/g oil, a content of unsaponifiable matter of 0.087%, an Iodine index of 193.45 g I/100 g oil and a peroxide index of 17.5 meq O 2 /kg oil. Chia oil showed a higher content of α and β linolenic and palmitic acids. Chia oil is the vegetable source with the highest content of essential fatty acids.
INTRODUCTION
Salvia hispanica L., whose common name is chia, is an annual herbaceous plant belonging to the Lamiaceae or Labiatae family. In pre-Columbian times, it was one of the basic foods of several Central American civilizations, less important than corn and beans, but more important than amaranth. Tenochtitlan, the capital of the Aztec Empire, received 5 -15,000 tons of chia annually as a tribute from conquered nations [1] . The seed was also used as an offering to the Aztec gods, and because of its religious use, it essentially disappeared for 500 years [2] . Wild and domesticated chia differs little. Currently, only Salvia hispanica, and not other species of the genus Salvia, can be grown domestically. To prevent the misidentification of Salvia hispanica and other species of Salvia, a clear understanding of the morphological and genotypical differences among them had been proposed as solutions [3] . Owing to the fact that it can grow in arid environments, it has been highly recommended as an alternative crop for the field crop industry.
Chia seed is composed of protein (15% -25%), fats (30% -33%), carbohydrates (26% -41%), high dietary fiber (18% -30%), ash (4% -5%), minerals, vitamins, and dry matter (90% -93%). It also contains a high amount of antioxidants [4] . Chia seed is traditionally consumed in Mexico, the southwestern United States, and South America, but it is not widely known in Europe. However, in 2009 the European Union approved chia seeds as a novel food, allowing them to comprise up to 5% of a bread product's total matter [5] . Today, chia is mostly grown in Mexico, Bolivia, Argentina, Ecuador, Australia, and Guatemala, and it has been demonstrated that the species has great potential as a future crop plant [6] . The plant produces small white and dark seeds. Most of the chia population that is commercially grown today contains a low percentage of white seeds. Their shapes are oval and in general, the white seeds are somewhat larger than the black ones. Ixtaina et al. [4] reported length, width and thickness values of 2.11, 1.32 and 0.81 mm for dark seeds and 2.15, 1.40 and 0.83 mm for white seeds, respectively.
Nowadays, chia seeds are being reintroduced to western diets in order to improve human health. In this respect, chia seeds have been investigated and recommended due to their high levels of proteins, antioxidants, dietary fiber, vitamins and minerals but particularly due to their oil content with the highest proportion of α-linolenic acid (ω-3) compared to other natural sources known to date [6] . Chia seeds contain up to 39% of oil, which has the highest known content of α-linolenic acid, up to 68% [7] compared to 57% in flax [8] . Chia is one of the most efficient omega-3 (n-3) sources for enriching foods [9] . Chia seeds and meal have not shown any of the problems associated with other n-3 sources such as flaxseed or marine products in terms of fishy flavor, animal weight loss and digestive problems, etc. [2] .
A correlation between high-saturated fatty acids (SFA) and low polyunsaturated fatty acid (PUFA) intake and diseases such as cardiovascular diseases, diabetes, and metabolic syndrome were widely reported [10] . Besides, the additive effect of α-linolenic acid (ALA) and n-3 long-chain PUFA was observed to exhibit cardio-protective effects in women [11] , which led to consequent human clinical studies of chia on disease risk factors. To date, four clinical trials have been carried out. Among these trials, only that of Nieman et al. [12] showed no health benefits from chia seed. This difference could be due to the treatment durations employed and also the actual biochemical components of the dietary chia seed used in the various studies. Nevertheless, later studies [10] demonstrated the benefits of chia to human health. Today, chia is still an essential element in the diet of the inhabitants of Mexico and several Central American countries, becomes an increasingly popular food and is common in supermarkets and health food stores around the world. The objective of the present study was to determine the physicochemical properties of oil from chia (Salvia hispanica) seeds cultivated in Yucatán, México and show its advantages over those grown in other countries.
MATERIALS AND METHODS

Materials
Chia (S. hispanica, L.) seeds were obtained in the Yucatan State of Mexico. Reagents were of analytical grade and purchased from J.T. Baker (Phillipsburg, NJ, USA), Sigma (Sigma Chemical Co., St. Louis, MO, USA), Merck (Darmstadt, Germany) and Bio-Rad (Bio-Rad Laboratories, Inc. Hercules, CA, USA).
Chia Seed Proximal Composition
Flour was produced from 2 kg of chia seed by first removing all the impurities and damaged seeds, crushing the remaining sound seeds (Moulinex DPA139, Zapopan, Jalisco, México) and then milling them (Krups 203 mill, México D.F., México). Standard AOAC [13] procedures were used to determine nitrogen (method 954.01), fat (method 920.39), ash (method 925.09), crude fiber (method 962.09), and moisture (method 925.09) contents in the milled seeds. Nitrogen (N 2 ) content was quantified with a Kjeltec Digestion System (Tecator, Höganäs, Skåne län, Sweden) using cupric sulfate and potassium sulfate as catalysts. The protein content was calculated as nitrogen × 6.25. Fat content was obtained from a 1-h hexane extraction. The ash content was calculated from the sample weight after burning at 550˚C for 2 h. The moisture content was measured based on sample weight loss after oven drying at 110˚C for 2 h. The carbohydrate content was estimated as a nitrogen-free extract (NFE) by the difference from the sum of the protein, fat, ash and crude fiber content.
Chia Oil Extraction by the Soxhlet Method
The Franz von Soxhlet extractor method described by AOAC [13] was used for the extraction and determination of the percentage oil yield and percentage oil recuperation. Crushed seeds weighing 650 g were wrapped in a weighed filter paper and placed in the thimble, and approximately 2.5 L of normal hexane was poured into a weighed round-bottomed flask. The hexane was heated to boil with an electro thermal heater for 4 h of continuous extraction. The defatted sample was removed and the solvent recovered. The flask and its oil content were further dried in the oven at 60˚C for 30 min and cooled in a desiccator. The flask and its content were reweighed to determine the weight of the oil. The experiment was repeated two more times to get an average. The percentage oil yield was obtained by expressing the oil weight as a percentage of the weight of the sample. The percentage oil recuperation was obtained by expressing the oil weight as a percentage of the weight of oil in the seed.
Physicochemical Characterization of Chia Oil
The physicochemical properties of the chia oil were determined using the official methods and recommended practices of the "Norma Oficial Mexicana" (NMX) among others. Physical properties such as relative density, refractive index and color were determined following the NMX-F- [22] method; phospholipid quantification was done following the Rouser [23] method and the fatty acid profile was done as follows: the saponification and derivatization of lipids was done according to Christie [24] , while gas chromatography/mass spectrometry was done following the method of Knapp [25] .
Statistical Analysis
All experiments were carried out in triplicates. Data obtained were subjected to statistical analysis for tendency central and dispersion measured (p < 0.05). Table 1 shows the proximal analysis of the chia flour. Chia is characterized by a high fat content. In the present study, chia showed a fat content of 35.13%. Its fat content was similar to the 33% and 32% reported by Ixtaina et al. [26] and Guiotto et al. [6] , respectively. The protein (24.11%) and ash (4.58%) contents were near the 23% protein and 4.6% ash contents reported by Ayerza and Coates [9] . Guiotto et al. [6] reported a similar behavior with 29% and 5% of protein and ash contents, respectively. The nitrogen-free extract (NFE) in the raw chia flour (1.51%) was lower than the 7.42% reported by Salazar-Vega et al. [27] , probably due to the 25.2% fat content observed in that study. Chia was a good source of crude fiber. The determined content was 34.46%, which is similar to that reported by Segura-Campos et al. [28] in raw chia flour (35.85%) but higher than that reported in defatted chia flour (21.43%). Proximate composition analysis showed that fat and fiber were the principal components in the raw chia flour.
RESULTS AND DISCUSSION
Chia Seed Proximal Characterization
Physicochemical Characterization of Chia Oil
Chia seed is mainly valued for its oil. Thus, many oil extraction methods had been utilized. Differences in the extraction methods resulted in variations in the oil yield, quality of fatty acids, fatty acid contents, total dietary fibers, and also the antioxidant content. In the present study, the oil yield was 27.3% and the percentage of oil recuperation was 83.44 with respect to the fat content With the physical characterization, chia showed a relative density value from 0.9241 (Table 2) , which was similar to that reported in sunflower oils at 25˚C (0.909), as well as to safflower (0.92) and soy (0.919) oils at 20˚C [29] . According to Alvarado and Aguilera [30] , the relative density is high to higher unsaturation's content in the fatty acids. The results obtained here suggest that chia has a high number of unsaturated fatty acids, which is consistent with the results reported by Tosco [31] .
Chia showed a refraction index value of 1.4761 at 25˚C. This value was similar to oil obtained from Argentinean and Guatemalan chia seeds with 1.4768 and 1.4763 at same temperature [32] . However, the index value was higher than reported by Codex Stan 210 [29] in sunflower (1.461), safflower (1.467) and soy (1.466) oils at 40˚C. According to Alvarado and Aguilera [30] , the refraction index is dependent on the analysis temperature and unsaturation contents of the fatty acids. They establish that high analysis temperatures showed lower refraction index values, and high unsaturation content is related to high refraction index values.
Chia oil color showed more yellow (70) than red (9.1) units. This behavior was similar to that reported by Hosseinian et al. [33] for linseed oil, which showed 70 and 8.6 yellow and red units, respectively. However, the color of chia oil was different than palm (3.2, 27.4) and soy oil (4.6, 10.6), which registered more red than yellow units [34] .
Chemical characterization showed that chia registered an acidity index of 2.053 mg KOH/g oil, which represents an average content of free fatty acids of 1.032% as [29, 35] . Also, the index was higher respect to oils obtained from Argentinean and Guatemalan chía seeds (193 mg KOH/g oil) [32] . According to Adrian et al. [36] , the saponification index is inversely proportional to the chain length of fatty acids. This suggests that chia oil is constituted by fatty acids of lower molecular weight than sunflower, safflower, soy and virgin olive oil.
Chia registered a low content of unsaponifiable matter (0.087%), which suggests a low content of organic matter (sterols, hydrocarbons, pigments, phospholipids, vitamins) and, hence, a low impurities quantity. The unsaponifiable matter registered here was lower than that reported by Adrian et al. [36] who reported values of 0.3 to 1.5% in natural fats or oils as registered in peanut oil (1%).
The Iodine index registered here (193.45 g I/100 g oil) showed the unsaturation grade of chia's oil, and that this parameter is proportional to the number of double bonds in the fatty acid chains. Chia oil showed an Iodine index value that was higher than that reported by Codex stan 210 [29] in sunflower (118.141 g I/100 g oil), safflower (136 -148 g I/100 g oil) and soy (124 -139 g I/100 g oil) oils as well as that reported by Codex Stan 33 [35] in virgin olive oil (75 -95 g I/100 g oil). The Iodine index in chia oil only could be compared with the Iodine index reported by Hosseinian et al. [33] in linseed oil (187 g I/100 g oil). The high values of density, refraction index and Iodine index revealed the high content of polyunsaturated fatty acids (PUFA), such as α linolenic (ω-3) and linoleic (ω-6) in chia oil.
Finally, the peroxide index registered in chia oil (17.5 meq O 2 /kg oil) was lower than reported by Codex Stan 210 [29] for any crude edible oil suggesting that this oil did not present signs of rancidity.
The phospholipid concentration of chia oil was 118 ppm. This value was lower than that reported in soy oil (349 -975 ppm) [37] , which is considered the principal source of these components as well as sunflower (342 -657 ppm) [38] and rape (120.5 ppm) [39] oils. The importance of phospholipids in the food industry is their capacity to reduce the surface tension, thus, facilitating the production of stable emulsions.
The fatty acid profile ( Table 3 ) from chia oil showed a higher content of α and γ linolenic and palmitic acids than reported by Ayerza and Coates [40] and Craig and Sons [41] . However, a lower content of oleic acid and similar contents of linoleic acid were registered in chia oil compared with that reported by Ayerza and Coates [40] . On the other hand, fatty acids such as pentadecanoic, arachidonic and docosahexaenoic were registered here and not in the aforementioned studies. The results confirm that chia oil is the vegetable source with the highest content of essential fatty acids, containing more than 60% as α-linoleic acid and more than 20% as linoleic acid. These results are only compared with linseed that registered 58.8% of α-linolenic acid and 14% -16% of linoleic acid [33] .
There are many factors that may cause variations in the concentration of the fatty acids in chia seed. One of them is the cultivation area of the plant itself. According to Mohd Ali et al. [42] , differences in the environment, climate changes, availabilities of nutrient, year of cultivation, or soil conditions play crucial roles in the varia- Table 3 . Fatty acids profile of chia oil. tions. In this respect, Ayerza [43] established the existence of an inverse relationship between altitude and the content of saturated fatty acids (SFA); at low elevation, an increase in fatty acid saturation was noted in areas where the temperature was high. In Argentina, Ayerza [7] demonstrated that temperature largely contributed to the type of fatty acid found in the oil. They found that during seed development from April to May, an increase in the temperature of the environment brought about a decrease in the PUFA content. Another factor that may contribute to differences in the chemical compositions of chia seed is the developmental stage of the plant. It was shown that the (α-linolenic acid) ALA content decreased by 23% from the early stage to the matured stage of the seed. This concurrently resulted in the increase of linolenic acid (LA) and lignin content [44] . The literature shows the high PUFA content in chia as well as its importance. Antruejo et al. [45] in a comparative study using flaxseed, rapeseed, and chia seed as chicken feed demonstrated that eggs from hens fed with chia had the highest ω-3 ALA content when compared to hens fed with flaxseed or rapeseed. Ayerza and Coates [46] and Fernandez et al. [47] conducted studies concerning the effects of chia seed feeding on rat plasma. Their findings indicated that serum triglycerides (TG) and low-density lipoprotein (LDL) were significantly reduced, whereas high-density lipoprotein (HDL) and ω-3 PUFA levels were elevated. They also noted that no adverse effects were observed on the rat's thymus and IgE serum level. Furthermore, chia seed feeding was tested in pigs and rabbits, which resulted in an increase of PUFA in meat fats as well as aroma and flavor [48] . These are desirable characteristics of human food. In summary, the incorporation of chia seed into animal feed results in an increase of ALA and a decrease of cholesterol levels in meat and eggs. Hence, it is a good substitute source of PUFA for fish and other seed oils. Moreover, atypical organoleptic characteristics such as flavor and smell from marine sources were not found in chia [49] . This showed the superiority of chia seed against other nutritional sources.
CONCLUSION
The results show that the chia oil presents interesting physicochemical properties for the food industry. Fatty acids such as pentadecanoic, arachidonic and docosahexaenoic were registered in chia oil and also contain more than 60% as α-linoleic acid and more than 20% as linoleic acid than other sources. The results confirm that chia oil is the vegetable source with the highest content of essential fatty acids. From a physiological point of view, chia oil is a potentially interesting food ingredient due to its health benefits from its high levels of PUFA. ington DC.
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